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STATE OF WASHINGTON
DEPARTMENT OF NATURAL RESOURCES

SMOKE MANAGEMENT PLAN

1993
(Revised 1998)

INTRODUCTION

The people of Washington State care about the quality of our air. In response to that concern, the
Department of Natural Resources (DNR), Department of Ecology (DOE), U.S. Forest Service
(USFS), National Park Service (NPS), Bureau of Land Management (BLM), participating Indian
nations, military installations (DOD), and small and large forest landowners have worked
together to deal with the effect of outdoor burning on our air.

Protection of public health and preservation of the natural attractions of the state are high
priorities with the DNR and can be accomplished along with a limited, but necessary, outdoor
burning program. Public health, public safety, and forest health can all be served through the
application of the provisions of Washington State law and this plan, and with the willingness of
those who do outdoor burning on forest lands to further reduce the negative effects of their
burning.

This plan pertains to DNR-regulated silvicultural (forest land) outdoor burning only and does not
include agricultural outdoor buming or outdoor burning that occurs on improved property.
Although the portion of total outdoor burning covered by this plan is less than 10 percent of the
total air pollution in Washington, it remains a significant and visible source. (Source: DOE
"Clean Air Washington" fact sheet pamphlet, May 1991.)

Background

Washington State has had a Smoke Management Plan in effect since 1969. After the
enactment of the original plan, and with the addition of the 1975 plan, the number of smoke
intrusions into designated population areas has dropped significantly every year.

The 1975 Smoke Management Plan has undergone several informal and semi-formal
modifications since its adoption, mainly by agreement with the plan's signatories and other
agencies. These modifications represent significant changes in DNR operating procedures
and emphases.
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Some notable changes to the 1975 Plan have included:

the addition of a professional Meteorologist to the Smoke Management Program to
provide accurate meteorological information and forecasts to Regions to facilitate
burn approval decisions; :

the close relationship and daily consultatlon with the Washington State DOE when
burning is taking place;

"increased concern by DNR Région staff that outdoor burning only occur when it will
not produce nuisance and negative public health effects; and

the willingness of large forest companies to enter into voluntary agreements to limit
burning that exceeds the existing State Implementation Plan (SIP) for visibility
protection of Class I federal areas.

The earlier Smoke Management Plans of 1969 and 1975 have done their job well. Today
the Pacific Northwest is regarded as a leader in controlling smoke from outdoor burning en
forest lands; many other states have used our past plans as models in setting up their own

smoke management programs. Now, with this latest plan, we begm a new chapter in smoke
. management in Washington.

The 1995 revision of the Smoke Management Plan reflects:
organizational changes to the DNR;

legislation directing that burning shall be prohibited When alternatives are available,
reasonably economical, and less harmful to the environment;

legislation acknowledging the role of fire in forest ecosystems and finding it to be in
the public interest to use fire under controlled conditions to prevent wildfires by
maintaining healthy forest and eliminating sources of fuel;

legislation exempting burning conducted for the purpose of restoring forest health or
preventing the additional deterioration of forest health from the reductlon targets and
calculations of the Washington Clean Air Act.

Purpose

The purpose of this plan is to coordinate and facilitate the statewide regulation of prescribed
outdoor burning on lands protected by the DNR and on unimproved, federally-managed

forest lands and participating tribal lands. Written under the authorities listed in Appendix
11, the plan is designed to meet the requirements of the Washington Clean Air

Act (RCW 70.94), Forest Protection laws (RCW 76.04), and the United States Clean Air
Act (42 USC 7401 et seq.).
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Goals
Protect human health and safety from the effects of outdoor burning
Facilitate the enjoyment of the natural attractions of the stat;a
Provide a limited burning program for the. people 6f this state
Provide the opportunity for essential forest land burning while minimizing emissions

Reduce emissions from silvicultural burning other than for forest health reasons ﬁrst
by 20 percent and later by 50 percent, as reqmred by law

Foster and encourage the development of alternative methods for disposing, of or
reducing the amount of, organic refuse on forest lands

Acknowledge the role of fire in forest ecosystems and allow the use of fire under
controlled conditions to maintain healthy forests.
Scope

This plan provides regulatory direction, operating procedures, and advisory information
regarding the management of smoke and fuels on the forest lands of Washington State. It

‘applies to all persons, landowners, companies, state and federal land management agencies,

and others who do outdoor burning in Washington State on lands where the DNR provides
fire protection, or where such burning occurs on federally-managed, unimproved forest
lands and tribal lands of participating Indian nations in the state.

This plan does not apply to agricultural outdoor burning and open burning as defined by
Washington Administrative Code (WAC) 173-425-030 (1) and (2), nor to burning done "by
rule” under WAC 332-24 or on non-forested wildlands (e.g., range lands). All future

- reference to burning in this plan will refer only to. 511v1cultural burning unless otherwise

indicated.

The plan does not address nor attempt to regulate prescribed natural fire in wilderness areas
and national parks for several reasons: the amount of emissions caused by such burning in
this state is relatively small, it is impossible to "regulate” unforecastable natural ignitions,
and it is nearly impossible to gather emission data efficiently in the areas where this type of
burning generally takes place. Federal agencies that have adopted the use of prescribed
natural fires will remain solely responsible for the administration of such programs.

The plan is supplemental to the forest fire protection laws of Washington State (RCW
76.04) and the Clean Air Acts of Washington State (RCW 70.94) and the United States (42
USC 7401 et seq.). If there is any contradiction between the requirements of this plan and
statutes, the statutes will prevail.
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PARTICIPATION

Those who receive fire protection from the DNR, or from agencies contracted by the DNR,
must abide by the requirements of this plan. This includes all burning done on private and
state-managed lands that pay, or are subject to paying, Forest Protection Assessment.

Federal agencies that do outdoor burning on forest lands must participate in and abide by the
requirements of this plan under the direction of the federal Clean Air Act. These agencies
include, but are not limited to, the Forest Service (USFS), Park Service (NPS), Fish and

Wildlife Service (F&WS), Bureau of Land Management (BLM), and Department of Defense
(DOD).

Indian nations may choose to participate in all or portions of the plan. Participation would be
by written agreement between the Indian nation and the DNR. Advantages of participation by
Indian nations would include statewide coordination of burning, shared weather forecasting
services, uniform data reporting and storage, better protection of the public through a unified
burn approval system, satisfaction of federal EPA requirements, and other services provided
by either party to the other. Such future agreements would become appendices to this plan.

The "Directives” listed in this plan are requirements of Washington State Law Chapter 70.94
RCW, 76.04 RCW, and WAC 332-24.

ADMINISTRATION
Administrative Units

Individual administrative units of this plan are: DNR Region, National Forest, National
Park, National Wildlife Refuge, Military Base, BLM-Spokane District, and Indian nation
(if applicable). Working through these administrative units will make efficient use of
existing organizational structures and facilitate imiplementation.

Permit‘ issuance, plan enforcement, and plan administration will be based upon these
administrative boundaries, but individual burn approvals will consider the cumulative
- effects of all burning to’avoid severely affecting individual air sheds.

Responsibilities

The DNR is responsible for the overall administration of the Smoke Management Plan.
The Resource Protection Division Manager delegates operating responsibilities to the
DNR Regions. Other agencies in both the state and federal governments also have
responsibilities under the plan, as discussed further in this section. (See the Appcndlces
for specific operatlonal responsibilities.)
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ource Protection Division Manager is responsible for:

Providing smoke management operating procedures for the DNR Regions and
federal land managers

Providing technical expertise, meteorological information and forecasts, and
training related to this plan :

Developing peffOrmance standards for DNR Regions

Coordinating among Smoke Management Plan participants

| Approving or dlsapprovmg burning depending 'upon meteorological conditions,

potential smoke intrusions, and other air quality effects.

Developing and mamtammg systems for gathering, transmitting, and reporting data

. required by the plan (excluding computer software and hardware)

Collecting required fees from federal Smoke Management Plan participants (and
Indian nations where applicable)

DNR Region Managers are responsible for:

Implementmg the Smoke Management Plan on state and private lands that receive
fire protection from the DNR .

Approving or disapproving burning on state and private lands that receive fire
protection from the DNR . :

Ensuring that DNR standards and operating procedures are followed

Assigning priorities for buniing on state and private lands |

Providing necessary information and requlred Qata to Re§ource Protection Division
Collecting permit fees from state and private burners

Reporting and documenting where and when smoke intrusions occur, and reacting
to citizen complaints about smoke nuisances

Coordinating plan implementation with local fire districts and local air pollution
control authorities '

Ensuring that field enforcement is conducted and is consistently applied
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g;rreaf" and establishing and publishing air quality standards (see Appendix 10). The
ector also gathers air quality information from DOE sources and from local air
pollution contro] agencies, and notifies the DNR when air quality has diminished to the _j
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daily burn aPproval process. DOE is also responsiblé for creating the State
Implementation Plan (SIP) for visibility protection of Class I federal areas.

The following officials are responsible for ensuring that the requirements and i
procedures of this plan are met as they apply to burning on fgc;iqeral lands unde?t;:?rnng
controi: the Forest Supervisor for the USES, the Park Superintendent for the NPS, the
Refuge Manager for the F&WS, the District Manager for the BLM, and the Base -
Commander for the Military Base. : ‘

o . L

V{here there is an agreement between the DNR and an Indian nation over burning on
tribal forest lands, the tribal designee or government body specified in the agreement will
be responsible for ensuring that all requirements and operating procedures are met.

e

Annual Reporting

i

J
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The DNR will provide an annual report to the legislature, DOE, and other interested , '
. parties that details the total emissions created by all burning included within the scope of ot
this plan, other burning statistics and trends, and the progress made toward meeting the

emission reduction targets of the Washington Clean Air Act. ]
GENERAL BURNING REQUIREMENTS ‘ , ‘ _d
All burning must be approved before lighting the fire. The mechanism, criteria, and
requirements for burning approval are different for large fires than for smali fires. .

General Directive: | J

All persons who do any burning that is subject to this plan must

comply with the following general requirements: _j

Burning is allowed only if the fires do not contain prohibited materials

as defined in WAC 332-24-205 (7), unless otherwise provided for in o j .

Smoke from burning must not obscure visibility on public roads and -j

highways.
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‘Smoke from burning must not cause a nuisance as defined in WAC
332-24-205(8).

APPROVING LARGE FIRES

Large prescribed fires have specific approval criteria that represent current practice in the burn
approval process. '

Large fires defined:

Large prescnbed fires are fires that have the potential to create significant smoke impacts
beyond the immediate fire area. The threshold for what makes up a large fire varies by
geographic area, topography, and distance to communities. In areas near communities or
prone to inversions the threshold will be 100 tons per burn. DNR Regions wxll use the
criteria described in Appendix 18 to identify low risk-areas where the threshold for p11e
burns will be set at 300 tons per ownership per DNR District.

Judgment, experience, science, and local knowledge have been successfully combined to
produce an effective burn approval system. The appropriate weighting of factors in an
ever-changing environment is the art of smoke management, and has been responsible for the
program's success in the last nine years. A measure of the effectiveness of these criteria is that
since implementation of the plan there have been very few intrusions of smoke into designated
areas.

Burn Appiova] Criteria:

1. There is the likelihood of an "intrusion" of smoke into "designated areas," which includes
air space 2,000 feet above the ground, or "sensitive areas,” such as population centers
(see map, Appendix 8).

2. There is any likelihood of an over-flight of smoke above a designated area or special
public events specified by DNR Region Managers; but over-flights of smoke may be

approved over designated areas on days when VlSlblhty would be reduced naturally by
clouds, fog, rain, snow, etc.

3. Burning will not comply with the SIP of the federal Clean Air Act regarding visibility
protection of Class I federal areas (see map, Appendix 7).

4. Any state or federal air quality regulations, laws, or rules would be violated

5. Burning on state and private lands does not meet the requirements of Washington State's

Forest Practice Rules and Regulations relating to threatened or endangered species
protection.
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6. Burning will cause mandato, e ot gt :
. Ty emission reduction le : o foped .
this plan on page 13,  levels to be exceeded as described in

7. Bufning will knowingly violate another state's published air quality standards.

8. Smoke will not significantly disperse within a imat i ur igmittio :
Oke ; pproximately eight hours of ignition, and be.
fully. dispersed by 12:00 PM the next afternoon unless the burn meets the criteria and
reqmrements of a multiple day burn. This does not include residual smoke in the
Immediate burn area itself.

There are several important factors considered by DNR Regions and the Smoke Managemerit
Section of Resource Protection Division to determine if the preceding criteria can be met. |

Current and forecasted air quality are important factors in the burn approval process. The
. DOE's Meteorologist transmits air quality conditions to the DNR. . The DNR's Smoke
Management Meteorologist uses DOE-supplied data, along with National Weather Service
observations and information supplied by local air pollution control agencies, to evaluate air

quality. If air quality is deteriorating and is expected to continue to deteriorate and result in an

episode being called in the next 24-hour period, burns greater than 100 tons are usually denied

until conditions improve. ,

Current and forecasted weather conditions also have a direct influence on all burn approvals.
~ The DNR's Smoke Management Meteorologist makes daily smoke management forecasts using -
data from the National Weather Service, the Forest Service, DNR Regions, and private

industry sources. Wind speed and direction are both observed and predicted at various -
elevations above ground level. Air turbulence, mixing heights, inversion depths, and smoke
. dispersion potentia] are all considered in the smoke management forecast and the approval
'process.

Burn approvals will include consideration of dispersal criteria and objectives, that is, of an air
shed's ability to disperse the pollutants created by burning. The Smoke Management Section
predicts large scale dispersion potential and Regions include local knowledge of inversion and
local dispersal patterns for individual burn sites.. - : ~

Fuel moistures, timing of ignition, and the firing method are reviewed before.issuing burn
approvals. These factors relate to minimizing particulate emissions and the impacts of residual
smoke on and around the burn site. . Those burns that apply the best technology and firing
techniques may receive a higher priority than other similar proposed burns using less-efficient
firing techniques. ,

In the approval process, the DNR Region Managers consider the availability of suppression
Jforces to reagt to potential prescribed burn escapes on DNR-protected lands. They also
consider the level of wildfire activity in the Region. Units deemed to be “high risk" on.

- DNR-protected land warrant special attention. Weather factors relating to fire danger, such as
wind speed and relative humidity, are important considerations when evaluating the risk of
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escape.

DAILY BURN PﬁlORITIZATION

For large prescribed fires (described on page 7), the DNR Region Managers and the various
federal managers to which this plan applies will pre-approve and prioritize burns daily, and
then submit those prioritized pre-approvals to the Smoke Management Section. The Smoke
Management Section will in turn approve or disapprove each burn and notify the affected
manager of the decision. The managers must then consider the following factors when they
give final approval to those burns authorized by the Smoke Management Section:

Elimination of fire hazard or "extreme fire hazard" as defined in WAC 332-24-650 and
WAC 332-24-652.

Burning conducted in eastern Washington for the purpose of restoring forest health or
préventing the additional deterioration of forest health as determined by the Department.

Burning to maintain fire dependent ecosystems to preserve rare or endangered plants or
animals within state, federal, and private natural area preserves, natural resource
conservation areas, parks and other wildlife areas.

Burns using bummg,techniques that will produce the least particulate emissions per acre
treated, as predicted by the USFS PNW Research Station computer model (see page 15).

Proposed burns from landowners who have an activé program of using alternative slash
management techniques.

-Whether fire is the only viable tool to accomplish the fuel reduction, sﬂv1cultural practice,
or other purpose for proposing burning.

The risk of smoke intrusion.

Directive: No large prescribed fires will be permitted on

State, private, federal and participating tribal lands that ARE
protected by the DNR

unless

the Departiment's Resource Protection Division, Smoke Management
Section, has given smoke management approval, .

and
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the Region Manager where the burning is proposed issues the final
approval. '

I

Directive: No large prescribed fires will be permitted on

federally managed and participating tribal lands NOT protected by
the DNR

unless.

the Department's Resource Protection Division, Smoke Management
Section, has given smoke management approval,

and

-

the responsible Land Manager where the burmng is proposed issues the
final approval.

Directive: This plan requires that the specific operating procedures
listed in Appendix 1 be used in requesting and granting mdmdual
burn approvals.

APPROVING SMALL FIRES

Small fires have the potential to affect public health when state or local authorities
declare air pollution episodes and impaired air conditions. State law requires that

- burning be suspended in areas where episodes or conditions of 1mpa1red air have been
declared.

Small fires defined:
smalle. fires are individual fires that consume less than 100 tons of material in a

24-hour period, or one or more fires totaling less than the level defined in
Appendix 18.

Directive: All persons who propose to burn small fires must first call 1-800-323-BURN
and follow the instructions that apply for the day and location of the proposed
burning.

10 8/98
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If the message suspends burning because of poor air quality, all participants of this
plan must comply. If burning is suspended because of high fire danger, then this
suspension applies only to DNR-protected lands. (Federal Land Managers can
establish their own criteria for suspension of burning because of high fire danger on
lands they protect.) -

APPROVING MULTIPLE DAY BURNS

A multiple day burn is a prescribed fire of any size conducted in eastern Washington for
forest health purposes that cannot be managed so that the smoke will be fully dispersed
by 12:00 p.m. on the day after the first ignition of the burn area. Burns that the landowner
chooses to ignite over several days, but could reasonably be burned in one day or
managed on a day by day basis will not be considered multiple day burns. Large pile
burns burned over a period of days are not multiple day burns because 1gmt10n can be
stopped and the piles mopped up, if needed.

Multiple day burns, regardless of size, will be approved following the criteria for
approving large burns described on page 7. The following notification requirements must
be met to provide DNR adequate time to review the pro_]ect, and to inform other interested
agencies and the public of the burn.

Beyond the other criteria used to approve large burns, The DNR will consider whether other burners in
the area will have the opportunity to burn during the multlple day burn.

Notlﬁcatlon Requirements for multiple day burns

. Three months before the burn the landowner must give the DNR sufficient burn plan
information to determine the size and scope of the proposal for DNR’s review.

«  Two months before the burn DNR will determine if the burn has the potential to
significantly affect communities, and will notify the landowner of additional steps
needed.

. If DNR determines that the burn has the potential to affect communities, the
landowner must notify the public of the burn at least one week before they plan to
burn. The notification will be published in local newspapers, and may be a paid
advertisement, press release, or public service announcement. The notice will list
the location, size and duration of the burn, and must include a landowner s phone
number to call for updates or more mformatlon about the burn.
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SMOKE INTRUSIONS

There may be occasional intrusions of smoke into designated areas. The DNR Region
staff and Resource Protection Division are responsible for complaint processing and
intrusion reporting as described in the procedures in Appendix 5. Documentation of
such occurrences will improve future prevention measures and properly inform
responsible officials and the public.

VISIBILITY PROTECTION

The federal Clean Air Act (CAA) established a national visibility goal to ". . . prevent any

future, and remedy any existing, impairment of visibility in mandatory Class I areas."

Washington has eight (8) federal Class I areas that are national parks and wilderness areas (see
map, Appendix 7).

All states must develop programs to make "reasonable progress” toward meeting the visibility

goals in the Class I areas as part of its State Implementation Plan (SIP) for the federal Clean
Air Act. The Washington State DOE has the primary responsibility for SIP development, with
the DNR being responsible for enforcing the portions related to its jurisdiction.

One or more burns that consume 100 tons or more of material have the potential to affect
visibility significantly over large areas. The cumulative effect of many smaller burns may also
bave an impact on visibility. The visibility portion of this plan concentrates on burns that
consume 100 tons and greater at this writing. Added control of small burns may be included in
future plan amendments if that source is a significant contributor to visibility degradation, and
if workable implementation thresholds can be established.

The visibility protection section of the current SIP was created in 1985 after consultation with
DNR, USFS, private landowners, DOE, and other stakeholders. Presently, visibility
protection practices meet or exceed the requirements of the 1985 SIP, mainly because of
voluntary agreements between large private landowners and the DNR.

In 1991, the Washington Clean Air Act amendments (RCW 70.94.011; Declaration of Public
Policies and Purpose) added language describing the legislature's intent to ". . . preserve
visibility, to protect scenic, aesthetic, historic, and cultural values, and to prevent air pollution
problems that interfere with the enjoyment of life, property, or natural attractions of the state."
This, combined with the federal visibility requirements, has motivated many stakeholders and
the managers of Class I federal areas to ask for increased visibility protection beyond the 1985
SIP requirements and the current operating level developed through the voluntary agreements.

The following provisions of this plan will be another significant step toward making
"reasonable progress” to meet national visibility goals for Class I federal areas, and will
balance the needs of various stakeholders in meeting the intent of the legislature as stated in the
Washington Clean Air Act amendments of 1991:
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Reduced particulate emissions due to the mandatory emission reductions described in this
plan and RCW 70.94. .

Restricted burning during poor air quahty days, which are also the days that have
generally poor visibility conditions, due to implementation of the mandatory "call-in"
requirement before igniting burns of less than 100 tons.

Increased use of alternative methods of debris d1sposa1 to reduce the need to burn forest
debris.

Increased use of "pile-burning" techniques to reduce visible smoke by increasing
combustion efficiency through the use of fans, etc. The use of pile-burning techniques
will also allow burning to occur outside heavy tourism periods when broadcast burning is
not possible, allow burning of large units to be done in smaller sub-units (thereby keeping
smoke impacts more localized), and will allow burning during cloudy or low visibility
rainy days. '

Directive: Burns that will consume 100 tons or more of material will NOT be allowed
under the following circumstances:

On weekends (midnight Thursday through midnight Sunday) between June 15
and October 1 statewide

On Independence Day or Labor Day holidays.

" All burning on weekends between June 15 and October 1 in western‘Washington west

of Interstate S may be approved by the Land Manager on a case-by-case basis if:

the burn will meet all of the eight criteria for burn approval described on page
8

and

the burn is a high-priority unit for abatement of extreme hazard if required by
law, '

or

the Land Manager determines that annual burning opportunities on a
particular site are so limited as to justify an exception.

Multiple day burns conducted between June 15 and October 1 in eastern Washington

may be approved by the land manager on a case-by-case basis if the land manager
certifies in writing to the Department of Ecology that:
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the burn is conducted to restore or maintain forest health, as d'eﬁned in
appendix 16,

and

the burn will meet all of the eight criteria for burn approval described on page
8,

and

the burn could not be conducted prior to June 15 due to unfavorable weather
conditions

and

smoke impacts to Class I areas can be avoided and such consideration is
included in the prescription for the burn. The burn plan will address visibility
protection as an objective and will address management actions (i.e. stop
lighting, rapid mopup, public notification) to be taken if these impacts are not
avoided due to changing atmospheric conditions.

All of these provisions will be reviewed within one year of adoption of this plan to:
determine their effectiveness toward improving visibility

document the actual impact on burners' ability to meet their debris-management
objectives

allow time to review newly published studies related to silvicultural burning and
their impact on Class I areas (National Park Service, "Prevent Study")

allow additional time for industrial burners to develop management strafegies for
alternative methods of debris disposal

SMOKE MANAGEMENT PLAN EXCEPTIONS

The smoke management plan cannot anticipate or provide for every possible scenario related to
prescribed fire. Occasionally, situations arise or landowners make proposals that the smoke
management plan does not address. The exception process provides a framework to review
these proposals in a timely manner, and approve or disapprove them based on their merit.
Proposals that do not conform to the smoke management plan may be approved if the proposal

will provide the same or better protection of public health, safety and welfare (such as Class I
area visibility) to that provided in the plan. ‘
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How to Apply for an Exception

If a landowner has a proposal that does not conform to the smoke management plan, the
landowner may request an exception to the smoke management plan by providing DNR, in
writing: : _

A description of the proposal;
A statement describing how the proposal does not conform to the smoke management plan;

A description of how the proposal provides the same or better protection of public health,
safety and welfare (such as Class I area visibility) to that provided by the plan.

The DNR and DOE will review the proposal in a timely manner. The time line for the review
will consider needs of the proponent. If both agencies concur, the proposal will be allowed
subject to all other reqmrements of the smoke management plan. :

DNR will notify the landowner of the decision.
Potential use of the Exception

For example, if it has been an exceptionally wet spring, a landowner may request to conduct
forest health burns during the summer weekend visibility protection period.

The exception process is not an appeal process for disapproval of burns. The process cannot be
used to avoid procedural requirements like smoke management approval, or emissions inventory
requirements. '

REQUIREMENTS FOR EMISSION REDUCTION

Two of the primary goals of this plan are to protect public health and promote the enjoyment
of the natural attractions of the state. Reduction of emissions produced from burning, coupled
with the use of alternative methods of debris disposal, will meet these goals by improving
general air quality.

Fire is a historic, necessary, and natural part of the environment. There are conflicting public
benefits when limiting the use of fire as a land management tool to protect air quality. When
people move into areas where wildfires historically occurred, it becomes even more important
to use prescribed fire to manage fire hazards and provide for the protection of human life and
property, as well as forest health.

An example of this conflict is beginning to be seen in eastern Washington, where the peed to
use prescribed fire is increasing to reduce very high fuel loads. These high fuel loads have
resulted from drought, insect and disease infestations and from the exclusion of fire from large
areas through decades of fire suppression activities. Failure to manage this fuel loading
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increases the risk of a catastrophic wildfire.

The Legislature acknowledges the natural role of fire in forest ecosystems and finds it to be in

the public interest to use fire under controlled conditions to prevent wild fires by maintaining
healthy forests and eliminating sources of fuel.

This plan seeks to promote the efficient and wise use of fire, given the limited emission levels
mandated by the legislature.

Directive: Emissions from burning covered by this plan must be reduced by 20
percent from baseline levels by December 31, 1994. This reduced level would provide
a ceiling for emissions until December 31, 2000.

Emissions from burning covered by this plan must be reduced by 50 percent from

baseline levels by December 31, 2000. This reduced level would provide a ceiling for
emissions after that.

Emissions from silvicultural burning that is conducted in eastern Washington for the

purpose of restoring forest health or preventing the addmonal deterioration of forest
- health are exempt from these ceilings.

If emission targets for December 31, 1994, are not met, the DNR will immediately limit
burning not for forest health purposes to meet the 1994 target levels and ensure that burning in
subsequent years will achieve equal annual incremental reductions to reach the December 31,
2000, reduction target level. If the emission reductions are met in 1994, but are not met by
December 31, 2000, the Department must immediately limit burning not for forest health
purposes to reduce emissions to the December 31, 2000, target level in all subsequent years.
(If necessary, this will be done by implementing the mandatory allocation system.)

EMISSION REDUCTION THRESHOLDS

The following are three possible scenarios, any one of which would demonstrate satisfactory
" achievement of mandatory emissions reduction levels:

SCENARIO #1

The total emissions produced in calendar year 1994 are equal to, or less than,
80 percent of the baseline emission level,
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y | and then

- | the total emissions produced in calendar year 2000 are equal to, or less than,
! 50 percent of the baseline emission level,

p and then

~ the total emissions produced each calendar year’ after that do not exceed 50 percent of the
-~ ~ baseline emission level.

- SCENARIO #2

o The total emissions produced in calendar year 1994 are greater than 80 percent of the
- baseline emission level,

| but

— ‘

A the mandatory emissions allocation system is activated and total annual emissions are

reduced in equal annual increments so that the total emissions produced in calendar year
- ‘ 2000 are equal to, or less than, 50 percent of the baseline emission level,
and

}’\ _ total emissions produced each calendar year thereafter do not exceed 50 percent of the
p baseline emission level.

| SCENARIO #3

r The total emissions produced in calendar yeair 1994 are equal to, or less than,

\ 80 percent of the baseline emission level,

e .

: but

-~ the total emissions produced in calendar year 2000 is greater than 50 percent of the

! baseline emissions level,

e ~ and then

the mandatory emissions allocation system is activated and emissions are reduced to 50

"" percent of the baseline emissions level each calendar year after that.

,'" o~ CREATING THE EMISSIONS BASELINE

’r

The calculation of the emissions baseline is a central feature of this plan because it provides the

3 gauge by which success can be measured. The actual calculation of the emissions baseline is
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based on the final version of SMS-INFO developed by the USFS, Pacific Northwest Research
Station, Seattle Forestry Lab in Seattle (PNW) in the Spring/Summer of 1993. The resulting -
emissions baseline will be published as an appendix to this plan as soon as it has been
calculated. (A detailed explanation of the alternative baseline calculatlon methods considered
is in Appendix 12.)

The baseline reflects historical levels of emissions from current participants of this plan only.
Emissions data from past participants who are no longer included in this plan has been

* removed from the baseline calculations. Similarly, any Indian nations that choose to
participate in the emissions reduction portion of this plan, and any other agencies not
previously participating, will have their historical levels of emissions added to the baseline
calculation and the total emissions baseline will be adjusted accordingly. All plan participants
must supply available burning data to the DNR related to their management area for the
_baseline period.

The baseline determination method incorporates new fuels consumption and emissions
research, computer modeling, and existing data from past burning. Where data from past
burning have not been gathered, subjective estimates are made using a scientifically based
statistical sampling from research. The backbone of the baseline determination method is the
use of computer models created by the USFS, Pacific Northwest Research Station, Seattle
Forestry Lab in Seattle (PNW), the basic field data gathered by those researchers over the past

10 years, and data supplied by burners during the baseline period. (Appendix 10 contains a
more detailed description of the models used.)

"SMS - INFO"

The modeling system used to generate the baseline numbers and to calculate and track
future emissions is called SMS-INFO. It was created by the U.S. Forest Service, Pacific
Northwest Research Station, specifically at the request of Oregon Department of Forestry
and Washington Department of Natural Resources to assist in the administration of their
respective smoke management programs. This system reflects the best available science
to predict the amount of emissions from broadcast burns, underburns, and pile burns.

(See Appendix 10 for an overview of SMS—INFO )

The types of emissions calculated by SMS-INFO include total particulate material (PM),
particulate material 2.5 microns or less (PM-2.5), particulate material 10 microns or less
in size (PM-10), carbon monoxide, methane, total non-methane hydrocarbons, and carbon
dioxide. ‘

PM-10 Emissions Baseline

This plan will use PM-10 emissions to measure comphance with mandated emission
reductions levels.

The total emission baseline level will be the sum of broadcast/underburm emissions,
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greater than 100-ton pile emiséions, and under 100-ton pile burn emissions.

The baseline will not be altered, except to reflect additions or subtractions of plan
participants, or to incorporate improvements within SMS-INFO resulting from new
research. Any such alteration will be described in the annual Smoke Management Report
for that year.

EMISSIONS CALCULATION AND TRACKING SYSTEM

The Clean Air of Washington Act requires a trackmg system to measure progress toward the
emission reduction targets.

This tracking system includes: mandatory reporting of completed burns, a summary of
emissions created by each plan participant, calculation of pre-burn and post-burn emissions,

- and the annual total of emissions produced compared to the targets to determine whether there

is a need to implement the mandatory emission allocation system (page 17).

"Rule burning” and prescribed natural fires will not be reported or tracked by the plan's
tracking system. (See Scope of the Plan, page 3.)

Data Reporting

Directive: All participants in the Washington Smoke Management Plan must report
their burning activities to the DNR according to the procedures listed in Appendix 2
of this plan.

Repdm'ng is not required for the following types of burning:
State and private lands where the burning does not require a written permit ("rule
burns")
federal lands where burning is related to recreauon (e.g., campfires) or is a single

pile less than 10 feet in diameter, and

- other outdoor burning not covered by this plan, such as agricultural burmng or -
* burning in improved areas.

The DNR will be responsible for receiving and storing all burning data, and will be the
official source from which data will be distributed to other interested parties.

19 8/98



Gross Fuel Loading Estimates

Directive: The gross fuel loading of material to be burned must be
estimated using approved methods listed in Appendix 3.

The responsibility for estimating the gross fuel loading on each burn site rests with the
individual federal Land Manager, tribal designee, or the DNR on lands it protects.

Emissions Calculation

The tracking system will use SMS-INFO and gathered field data to calculate and record
the post-burn tonnage consumed and emissions created from the completed burning. This
will include broadcast burning, underburning, and pile burning. The DNR will generate
the official emissions values to be used in the administration of this plan.

MANDATORY EMISSIONS ALLOCATION SYSTEM

The apportionment of burn approvals may become necessary if the emission reduction
requirements of the Washington Clean Air Act are not met. The following mandatory system -
will provide an equitable and understandable method for apportioning emissions if it becomes
necessary to activate it.

Responsibilities

The Supérvisor will approve any deviation from this allocation plan and will notify the
affected burner groups of the amount and duration of such deviation.

The Department's Resource Protection Division Manager is responsible for determining
when the allocation system will be activated, and for coordinating or transferring surplus
emission allotments (if any) between burner groups or between DNR Regions. The
Resource Protection Division will continuously monitor emission production and

. periodically inform the managers of each bumer group of their cumulative total emission
production and trends.

Ongce the allocation system is activated, the following managers are responsible for
prioritizing and limiting which burning will be approved on lands within their jurisdiction
to avoid exceeding their emissions allotment: the Region Manager of each DNR Region;
the Regional Forester of the USFS, Region 6; the Regional Director of the National Park
Service, Pacific Northwest Region; the Base Commander of Fort Lewis or other military
base where regulated burning occurs; the Associate Director for Oregon, Washington, and
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Idaho of the U.S. Fish and Wildlife Service, Region 1; the District Manager of the
Spokane District Office of the U.S. Bureau of Land Management and the zribal designee
of participating Indian nations.

Activation

Activation of the mandatory allocation system will occur only if emission reduction
thresholds (see scenarios, pp. 13-14) are not met.

The Resource Protection Division will develop trend curves that describe the most recent -
five-year average annual burning pattern of each manager and monitor trends as burning
progresses throughout a calendar year.

If burning activity appears to be deviating significantly from the most recent five-year trend,
the Resource Protection Division will notify each manager. If the total burning remaining to
be done will cause the emissions ceiling to be exceeded, the DNR will activate the mandatory
emissions allocation system '

The Resource Protection Division will notify each manager directly, and the public
through news releases, that the mandatory allocation system has been activated, and
inform the managers of the amount of emissions they may produce during the remainder
of that calendar year. The managers must then prioritize their burning so that their
allocation will not be exceeded.

Directive: All managers must lmmedlately curtail all burning in their management

.area when the mandatory allocation system has been activated and they are notified

that their emissions allocation has been exhausted. -

The allocation system will remain in effect until Resource Protection Division determines
that emissions will not exceed the statewide cellmg, -and notifies the managers in writing
of its cancellation.

Distribution

Emission allocations will be made based upon the percentage of average annual emissions
produced by each manager during the previous five calendar years. The emission
allocation will be adjusted annually to reflect the most current five-year period. No
manager group will be precluded from burning because of an absence of historical burning
data. Their current burning will be recorded and become the basis for future allocations.

Individual managers may petition Resource Protection Division for additional allocation.
Such a petition should include a description of the burning to be done and a justification
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for deviating from the allocation system. The Resource Protection Division Manager will
query the other managers for any surplus emissions that may be available. If none are
available and the requesting manager wishes to pursue the request, it will be forwarded to
. the Supervisor for approval or denial. If approved, the remaining allocation for the other
managers will be reduced proportional to their percentage of total emissions produced.

Nothing in this allocation system guafantees an emissions level to an individual manager.
The Supervisor of the Department has the authority to make adjustments.

EMISSION REDUCTION TECHNIQUES

To maximize the effective use of fire within the emission levels allowed, it is necessary to
employ improved burning techniques. The science of predicting the amount of emissions has
improved within the last few years thanks to research done by the USFS Pacific Northwest
Research Station. Computer models aliow burners to analyze proposed burns and prepare
burning prescriptions that will produce minimum emissions on each acre to be treated.
Various site factors and burning technique scenarios can be tested in the models, and estimates
of emissions that each scenario would produce can be calculated. This capability will allow
burners to treat maximum acreage with minimum emission production.

When they become available, the DNR, in conjunction with the USFS, will distribute (at cost)
copies of these models to burners who want them, and will provide, or arrange for, training in
their operation. '

Besides total emission reduction, it is an objective of this plan to reduce the amount of visible
smoke produced in and around residential areas. The DNR encourages burners to use
techniques, such as fans, crane piling, mass ignition, accelerated mop-up, and other methods of
increasing combustion efficiency and reducing the smoldering stage of burning. Burning
permits will require such practices in areas close to homes or other occupied structures not the
property of the person doing the burning. The DNR will provide information about new
burning techniques and equipment as this information becomes available.

ALTERNATIVES TO BURNING

Given the amount of acreage to be treated and the limited emission levels allowed, it is no
longer possible to rely solely on burning to achieve silvicultural objectives and hazard
abatement. Using alternatives to burning has become not only desirable, but necessary to meet
the expectations of the legislature. Therefore, alternative methods should always be
investigated before choosing to burn.

DNR Region Managers must consider the availability and feasibility of burning alternatives
during the permit issuance and burn approval process
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when selecting burns for approval after the mandatory allocation system has been
activated, -

where there is likelihood that burning in or near residential areas will cause a nuisance,
when alternatives are available, reasonably economical, and

_ wheﬁ the use of the alternative will not cause other unacceptable environmental or human
health effects.

As part of its obligation to encourage alternatives to burning, the DNR will

gather and distribute information about burning alternatives through participation in
interagency and industrial professional organizations and other appropriate forums.
Various alternatives are already in use. (See Appendix 14.)

cooperate with alternative disposal industries by bringing together industrial
landowners and disposal industries..

consult with local government agencies to determine the availability and cost of
legal dumping at approved sites. '

It is important to note here that the DNR's role in the area of burning alternatives is to
facilitate technology transfer, not to initiate new research.

PUBLIC EDUCATION

Public education regarding burning regulations and emission reduction techniques is essential
to the plan's success. The primary focus of this education effort will be small landowners and
the general public.

DNR field representatives will be the center of this effort through daily contact with the public
and small landowners while writing burning permits. They will provide written information

about rules and regulations, provide on-site training sessions about safe and efficient burmng
techmques and answer questions.

Region office staff will answer general inquiries or direct those questions to field staff for
follow-up action. They will also initiate contacts with local news media to generate feature
stories about the burning program and burning regulations. The Regions will also include
appropriate information about burning in displays used at public gatherings, such as fairs:

The DNR will provide press releases and public service announcements when needed, and
distribute them to all media outlets within Washington State. It will also coordinate with other
agencies' public affairs offices to combine information about burning when appropriate.
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The Resource Protection Division will develop brochures and other printed materials to be
used by the Region offices. It will also seek sponsors willing to distribute information
materials supplied to them by the DNR, such as billing stuffers, grocery store handouts.

The DNR will also prov'ide training about ﬁhe provisions of this plan to private industrial
landowners, if requested, through their professional organizations and trade groups.

Additional public education activities will be developed as an ongoing part of this plan.

BURNING PERMITS

Burning permits, either written or "by rule,” are required by Washington State law (see
Appendix 15) for burning on lands protected by the DNR. Failure to obtain or abide by the
terms of an applicable permit is a violation. These requirements apply to all state and

privately-owned lands in Washington that pay, or are subject to paying, Forest Protection
Assessment.

Federal agencies are not required to obtain a'permit; however, those agencies must abide by
state and local air pollution control regulations.

Burning permits are issued and enforced by DNR Region staff or by other agenéies,mat have
contracted with the DNR to act on its behalf. The operational details of the burning permit
program are in Appendix 4.

FEES

The Washington Clean Air Act requires the DNR to collect fees to pay for the costs of its air
quality program, and to distribute those costs equitably among all sources whose emissions
cause air pollution. Fees must be set by the DNR using required administrative procedures
after consultation with the Forest Fire Advisory Board and the public. Fees are deposited in
the Air Pollution Control Account administered by the State Treasurer. The legislature

appropriates funds to the DNR to cover the costs of administration and enforcement of the
program. '

The federal Clean Air Act requires all federal agencies that cause air pollution to comply with
all state and local regulations and to pay fees to help defray the cost of those programs in the
same manner and to the same extent as non-federal entities.

- A method was developed, in consultation with the Forest Fire Advisory Board, that equitably
distributes the DNR's air quality program costs among the various burner groups (see
Appendix 13). The fee amounts reflect the best estimates of total program costs. Fees will be
adjusted as necessary to reflect actual program costs. (The Forest Fire Advisory Board did not
endorse the fee amount, only the method.)
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- The DNR will collect fees from state and private burners when validating written burning
_permits, and quarterly from federal burners through a billing process consistent with agency

procedures. All fees are based upon the amount of emissions created as reflected by the
number of tons of debris consumed. Fee amounts for federal agencies reflect thelr appropnate
share of program costs, and are billed individually. :

PLAN APPROVAL, REVIEW, AND UPDATING

This plan was reviewed by the public, participating agencies, forest landowners, and other
interested parties before its adoption by the Supervisor of the Department of Natural
Resources. Final plan adoption was announced in the news media, and by direct contact with
the manager groups administering the plan.

All or portions of this plan may be further reviewed or updated as warranted. The Visibility
Protection section will be reviewed within one year of adoption. A general review will occur
within five years after initial adoption. The reviewers will include representatives of the
original advisory committee and any others the DNR considers appropriate.

Th¢ original Smoke Management Plan advisory committee éonsisted of members from:

Department of Natural Resources
‘U.S. Forest Service

U.S. Park Service

Quinault Nation

Department of Ecology

County Fire Marshal

State Fire Chiefs' Association
Bureau of Indian Affairs

Fort Lewis

American Lung Association of Washington
Clean Air Coalition/Sierra Club

Local air pollution control agencies
Washington Forest Protection Association

The Resource Protection Division Manager will approve procedural changes that are not
requirements of this plan, as necessary, and distribute those procedural changes to affected
plan participants. Procedural changes that are requirements of this plan will be approved by
the Resource Protection Division after consultation with the advisory committee.

General plan revisions will adopt the same review procedure as used for original adoption.
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GLOSSARY

Agricultural Burning

Air Pollution Episode
Air Turbulence

Atmospheric Stability

BLM
Broadcast Burning
Burn

Class I Federal Areas

DOE
DNR

Designated Areas

Duff

The burning of vegetative debris from an agricultural
operation necessary for disease or pest control, necessary
for crop propagation and/or crop rotation, or where
identified as the best management practice by the
agricultural burning practices and research task force
established in RCW 70.94.650 or other authoritative source
on agricultural practices.

A period where a forecast, alert, warning, or emergency air
pollution stage is declared, as stated in WAC 173-435.

Rapid fluctuations or changes in vertical motion of air over
short distances.

The resistance of the atmosphere to vertical motion.

United States Department of Interior, Bureau of Land
Management.

Prescribed burning of debris on a designated unit of land,
where the debris has not been piled or windrowed, by
allowing fire to spread freely over the entire area.

A prescribed fire.

All international parks, national wilderness areas, and
memorial parks larger than 5,000 acres, and all national
parks larger than 6,000 acres (42 USC 7470).

United States Department of Defense.

State of Washington, Department of Ecology.

State of Washington, Department of Natural Resources.
Critical areas designated by the Department of Ecology that
are otherwise subject to air pollution from other sources.
These currently are Port Angeles, Spokane, Grays Harbor,

Raymond, and the I-5 corridor from Bellingham south to
Vancouver. '

‘The accumulation of partially decayed organic material

found on the forest floor. Sometimes called a "humus"

 layer.
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Escape |
Extreme Hazard
F&WS

Fire Dependent Ecosystem

Forest Land

Impaired Air

Intrusion (Smoke Intrusion)

Inversion

LAN

Land Manager

A condition which exists when a prescribed fire leaves the
area where it was intended to remain.

Particular hazardous forest fuel conditions as defined in
WAC 332-24-650 and 332-24-652.

United States Department of Interior, Fish and Wildlife

Service.

Systems possessing organisms that require fire for their
survival and continuance, with fire an essential part of the
environment. The plant species that dominate are not only
adapted to fire but possess fire-dependent structures,
mechanisms, and functions. Where fire often serves as the
driving source of life cycles.

Any unimproved lands that have enough trees, standing or
down, to constitute in the judgement of the DNR, a fire
menace to life or property. Sagebrush and grass areas east
of the summit of the Cascade mountains may be considered
forest lands when such areas are next to or intermingled
with, areas supporting tree growth.

A condition declared by the DOE or a local air pollution
authority where meteorological conditions are conducive to
an accumulation of air contamination with PM-10 and

" carbon monoxide at specified levels, and which threatens to

exceed other limits established by DOE or an air authority.

The intrusion of visible smoke into a designated area at an
altitude less than 2,000 feet above ground level.

. A layer of air in which the temperature increases with

height. The effect of various types of inversions is to
greatly retard the dispersal of smoke.

A Local Area Network computer system.

The official responsible for ensuring that the requirements
and operating procedures of this plan are met as they apply
to burning on lands under their control: They include the
DNR Region Manager, the Forest Supervisor for the
USEFS, the Park Superintendent for the NPS, the Refuge
Manager for the F&WS, the District Manager for the
BLM, and the Base Commander for the Military Base.
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Landings . " An area on a logging operation where logs that are taken
' from the forest are assembled, trimmed, limbed, and loaded
. for shipment.

Low Risk Areas Remote areas where most pile burning represents little risk
_ of causing smoke impacts to the public. Low risk areas
have a higher threshold for burns requiring smoke
management approval than other areas.

Mass Ignition The rapid or simultaneous ignition of materials on a
particular burn site.
Mixing Heights A term used to describe the potential for vertical mixing. It

defines the height above the surface through which
relatively vigorous mixing will take place in the vertical
. due to convection.

Mop-Up Action taken to completely extinguish a fire.

Multiple Day Burns A prescribed fire of any size that cannot be managed so that
' the smoke will be fully dispersed by 12:00 p.m. on the day

after the first ignition of the burn area. Burns that the
landowner chooses to ignite over several days, but could
reasonably be burned in one day or managed on a day by day
basis will not be considered multiple day burns. Large pile
burns burned over a period of days are not multiple day
burns because ignition can be stopped and the piles mopped

up, 1f needed.
NFDRS National Fire Danger Rating System.
Non-Attainment Area - Aclearly delineated geographic area that has been |

designated by the Environmental Protection Agency and
promulgated as exceeding a national ambient air quality
standard or standards for one or more of the criteria
pollutants, which includes carbon monoxide, fine
particulate matter, sulfur dioxide, ozone, and nitrogen

dioxide.
NPS : : United States Department of Interior, National Park
" Service.
Open Burning All forms of outdoor burning except agricultural and

silvicultural burning. Further definition can be found in
WAC 173-425-020.
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Over-Flight of Smoke

Pile Burning
PM-10

Prescribed Burning

Prescribed Natural Fire

Range Lands

Rule Burn

SIP
Sensitive Areas
Silviculture

Silvicultural Burning

- When a visible smoke column can be seen above a

particular area, and is greater than 2,000 feet above ground

- level.

Burning material in piles as opposed to other
configurations.

Particulate material with an aerodynamic diameter of 10
microns or less. '

. Controlled application of fire to wildland fuels in either

their natural or modified state under specific environmental
conditions which allow the fire to be confined to a
predetermined area, and at the same time to produce the
fireline intensity and rate of spread required to attain
planned management objectives.

Fires ignited by natural means, i.e., lightning, which are
permitted to burn under specific environmental conditions,
in preplanned locations, with adequate fire management
personnel and equipment available to achieve defined
objectives.. Prescribed natural fires are used for
maintaining natural conditions and ecological processes in
pative ecosystems. '

Wildlands that do not meet the definition of forest lands.

- A specific type of small fire that doesn't require a written

burning permit, but is subject to the rules listed in WAC -
332-24-205 and WAC 332-24-211.

State Implementation Plan to meet the requirements and
objectives of the United States Clean Air Act.

Areas of heavy recreational use and population centers
outside designated areas.

Management practices related to controlling, establishment,
growth, composition, and quality of forest vegetation.

All burning on any land the DNR protects, or on any forest
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Smoke Dispersion

Suppression Forces

Transport Winds
USFS

Underburning

Unimproved Land

Visible Smoke

WAC

Wildfire

lands administered by federal agencies or Indian nations.

Those processes within the atmosphere which mix and -

transport smoke away from the source. This depends on
three atmospheric characteristics:  atmospheric stability,

mixing height, and transport winds.

Persons and equipment necessary to contain a prescribed or
wildfire.

The wind speed and direction at the final height of smoke
plume rise. '
United States Department of Agriculture, Forest Service.

Prescribed burning with low fire intensities under a timber
canopy. :

Land that is not cleared, pasture, or cultivated, that does

not contain structures and accompanying yard, and that.
contains flammable material.

Smoke that is slightly visible but has a minimum impact on
air quality or overall visibility. '
Washington Administrative Code.

Any fire occurring on wildlands that is not meeting

management objectives and thus requires a suppression
response. '
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APPENDICES



C. Day of the Burn

A copy of each permxt saved during a month will be forwarded to Resource
Protection via regular mail the first business day of the next month unless
~otherwise directed. Include "Attachment A" when required.

For those State and private burns greater than 100 tons that have debit
accounts and wish to use the post-burn data with the SMS-INFO model value
for consumption and fee assessment, the Region will forward a copy of the -
completed "Attachment A" by FAX to Resource Protection Division. The
data will be run in the model and the value of the consumption will be posted
on the LAN with three business days.

Beginning in calendar year 1993, all required data will be entered into the
LAN at the Region Offices or office of other federal/tribal Land Managers
who have chosen the use of the LAN transmission method.

L U

\_’/

3

{



BURN PLAN (ATTACHMENT A) -- 100 Tons and Over

h .
; ~— PRE-BURN DATA
r ALL BURNS
i Permit Number:
r‘t
¢ Region: (CircleOne) CES NES NWS SWS OLS SPS SES
Burn Type: (Circle One) B-Broadcast/Activity Fuels U-Underburn/Activity Fuels
- N-Underburn/Natural Fuels P-Pile/Landings Only _
Activity Fuels: Created as a result of human activity. Natural Fuels: Found “as is” in nature.
F Type of Landowner: (Circle One) A - Forest Service F - Other Federal S - State P - anate T - Tribal
Township: N  Range: EorW  Section:
~ ,
i Examples: T30N = 300N T61/4N =062N T71/2N = 075N  T6 3/4N = 067N
Elevation: _ Midslope and to nearest 500"
o .
' County: (See reverse side for county codes)
e~ Property Owner’s Name: _
Sale Name: (Optional) = Sale Number: (Optional)
f“’\. Reason to Burn: (Circle One) H - Hazard Reduction A - Abating an Existing Extreme Hazard
, W - Wildlife Habitat P - Preventing the Creation of an Extreme Hazard
S - Silviculture or Forest Health T - Training Exercise
- R - Rare and Endangered Species _ E-EasmMeFormHealthExempﬁm
i Size of Unit: Acres -
P~ If Broadcast/Underburn, use exact size of unit.
i If Piles/Landings, use your best estimate of area from which the Piles/Landings were accumulated.
" Predominant Species: (Circle One) |
D - Westside Douglas Fir/Hemlock/Cedar ) J - Eastside Juniper Stands
M - Eastside Mixed Conifer (Incl. Lodgepole Pine/Larch/Ponderosa Pine) B - Primarily Brush Fuels (E or W)
- P - Eastside Stands that are 50 percent or more Ponderosa Pine G - Primarily Grass Fuels (E or W)
H - Westside Hardwood Stands :
r PILE BURNS — (Plus the “Landing Portion” of Broadcast/Underbums)
7 Pile Tons: Enter the total tons of Piles/Landings that will be burned.
f' Landing Tons: Enter 00000 if no Piles or Landings will be burned.
Pile Calculation Method: (Circle One) O - Ocular (Eye) Estimate A - Aerial Photograph Interpretation
r- S - Statistical Sample of Piles
Y N
~ The method used to determined piled fuel loadings (i.e., How did you do it?).
, cile Type: (Circle One) - H-Hand Piles T - Tractor/Dozer/Machine Piles G - Grapple/Crane/Shovel Piles
2-5 10/95



BROADCAST AND UNDERBURNS ONLY

L..*_Q ) e

Loading Method: (Circle One) (How did you determine the Broadcast/Underburn fuel loading?)

P1 - PNW51 (DNR Westside - Photo Series) T - Transect
P2 - PNW52 (DNR Eastside - Photo Series) - M - Other Method (Incl. other Photo Series - Requires Fire Control Approval)

i
Fuel Loadings in Tons Per Acre: Diameter of Fuel in Inches Tons/Acre J
* (To the Nearest Whole Ton) _
0-1/4" ~ _2 “f
/4" - 1" —_— —
1" -3" RS S
3"-9" — -
9" - 20" __ _}1
20" and Greater e s
Duff Depth: ]
The average Duff Depth across the whole unit in inches and tenths of an inch. On-scene observation is an important
measurement, however. If Duff Depth cannot be reasonably determined, leave entry blank. “‘
Slope: . Average percent slope of unit. =
Cut Date: . (Form is “MMYY”) Month and Year unit was cut. If natural fuels (not harvested), enter J
M M Y Y “9999.” If unit harvested over an extended period of time, enter date
when the unit was 70 percent cut. ..
Snow Off Date: (Form is “MM?”) Month snow melted off unit. If never covered with snow last winter, enter “00.% J
Ignition Méthod: (Circle One) A - Airplane/Helo  C - Combination of Air/Hand H-Hand O - Other |
“How will the Broadcast burn be lighted?” ~
‘]:4
WASHINGTON COUNTIES %
, - {
01 Adams 21 Franklin 41 Lewis 61 Snchomish =
03 Asotin 23 Garfield 43 Lincoln. 63 Spokane .
05 Benton 25 Grant 45 Mason A 65 Stevens i
07 Chelan 27 Grays Harbor 47 Okanogan 69 Thurston ~
09 Clallam 29 Island - 49 Pacific 69 Wahkijakum
11 Clark 31 Jefferson 51 Pend Oreille 71 Walla Walla ““;
13 Columbia 33 King _ 53 Pierce 73 ‘Whatcom -t
15 Cowlitz 35 Kitsap 55 San Juan 75 Whitman
17 Douglas 37 Kittitas - 57 Skagit : 77 Yakima -3
19 Ferry 39 Kiickitat 59 Skamania : . J
i \’\ {
‘vt
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POST-BURN DATA

ALL BURNS -- For all burns (Pile, Broadcast, Underburns, etc.)

Date Burned:
M M D D Y Y
Ignition Time: Use 24-hour clock (1 PM = 1300, etc.)
H H M M , .
Actual Acres Burned:

Use your best estimate. If Piles/Landings, estimate the acres from which the burned Piles/Landings were accumulated. _

PILE BURNS - (Plus the “Landing Portion” of Broadcast/Underburns)

Consumed Pile Tons: (Use the percent of pre-burn estimated tonnage actually consumed - in tons)

Consumed Landing Tons: (Use the percent of pre-burn estimated tonnage actually consumed - in tons)

BROADCAST/UNDERBURNS ONLY

Ignition Duration in Minutes: : (Time necessary to light the unit)

Veather Data: Weather Station Used:

If you get the weather data from one of the following:

RAWS - Enter Station Name ' NWS Office - Enter Station Name
Fire Weather Station - Enter Station Name ) On-Site - Enter “Unit”
(e.g., Region Office, Ranger District Office, etc.)
Days Since Rain:

Enter the number of days since significant rainfall (i.e., 1/2 inch of rain westside or 1/4 inch rainfall eastside) occurred within
a 48-hour period. .

Wind Speed: Average surface wind speed at the time of ignition (mph)
Fuel Moistures: (At the time of ignition)

Ten Hour: 1000 Hour: (If unavailable during the “off season,” leave blank: use
: NFDRS when available)

1000 Hour Method: (Circle One) N -NFDR-TH A-ADJ-TH W - Weighed (Oven Dried)
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P

s . Washington State Smoke Management Plan

N : |

| - 1998

r .

' APPENDIX 3

r

r

r

=

- Directive: It is a requirement of this plan that only the following approved

! methods be used to calculate gross fuel loading of debris to be burned and tons
of fuel consumed.

-

-

f There are several Pacific Northwest Research Station (PNW) Photo Series available for

’ quantifying forest residues. The photo series provide a reasonable means for estimating the
- tons of fuel in a unit that may be consumed by a prescribed burn. These publications contain
! series of photographs displaying different forest residue loadmg levels by size class, for areas
of like timber types and cutting practices.

r .
| The photo series that will be the standard used by the Washington State Smoke Management
Plan are:

- .

; USDA Forest Service General Technical Report PNW 51, 1976. Photo Series for
quantifying Forest Residues in Coastal Douglas Fir-Hemlock Type and the Coastal

r Douglas Fir-Hardwood Type.

- USDA Forest Service General Technical Report PNW 52, 1976. Photo Series for

! Quantifying Forest Residues in Ponderosa Pine Type, Ponderosa Pine and Associated

"' Species Type, and Lodgepole Pine Type. o

- : ‘ o

N "~ USDA Forest Service General Technical Report PNW-GTR-258, 1990. Stereo Photo

r Series for Quantifying Forest Residues in the Douglas Fir-Hemlock Type of the .

; Willamette National Forest.

'
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Other photo series may be accepted for use if approved by the Department of Natural
Resources, Resource Protection Division, Smoke Management Section.

Information with each photo includes measured weights, volumes and other residue data,
information about the timber stand and harvest and thinning actions and fuel ratings. These
photo series provide a fast and easy-to-use method for quantifying exlstmg residues. This
method, while not perfect, will provide reasonable estimates if used consistently. Experience
in its use will increase the accuracy of estimates.! Procedures for use of the photo series to
determine gross woody fuel loading are:

A

D.

USDA Forest Service General Technical Report PNW-GTR-231, 1989. Stereo Photo
Series for Quantifying Forest Residues in Coastal Oregon Forests: Second-Growth
Douglas Fir-Western Hemlock Type, Western Hemlock-Sitka Spruce Type and Red
Alder Type. ‘

Observe each spec1ﬁc fuel size class of res1due on the ground (for example 3 1to 9— inch
loadmg)

Select a photo or photos that nearly match or bracket the observed fuel class.

~ Obtain the quantitative value for the charactenstlc being estimated from the data sMet
accompanying the selected photo (or mterpolate between photos).

These steps are repeated for each fuel size class or fuel characteristic needed.

The total gross woody fuel loading can then be calculated by summing the estimates. |

! USDA Forest Service Pacific Northwest Resea.rch Station, General Technical chort

PNW-STR-258, Stereo Photo Series for Quantifying Forest Residues in the Douglas Fir-
Hemlock Type of the Willamette National Forest, page 6.
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An example of the above procedure using the PNW-GTR-258 Stereo Photo Series would be:

Fuel Class Size Photo - | Tons/Acre
0.00-0.25  |1-DFWH-PRE-16 2.5
0.26-1.0 '1-DFWH-PRE-16 42
1.1-3.0 1-DFWH-PRE-13 59
3.1-9.0 .| 1-DFWH-PRE-13 25.3
9.1-20.0 1-DFWH-PRE-13 20
20+ 1-DFWH-PRE-12 0
Total gross | 39.9
woody fuel load
per/acre

If the general area being inventoried has areas with obvious differences in residue loading, the
user should make separate determinations for each area and then weigh and cumulate the
loading for the whole area. '

Note: In addition to calculating the gross woody fuel load remaining on the logging unit, the
field officer must add the net woody fuel load found on the landing areas that will be burned in
that logging unit. Use the techmque described below for "pile burning” to accomphsh this
task.

A second approved method, the basis upon which the photo series was developed, is actual
field sampling of proposed units.

The procedures for inventorying downed woody material are provided in two U.S. Forest
Service technical reports published by the Inter-Mountain Forest and Range Experiment Station
in Ogden, Utah. The "Handbook for Inventorying Downed Woody Material” by James K.
Brown (USDA General Technical Report INT-16, 1974) and the "Graphic Aids for Field
Calculation of Dead, Downed Forest Fuels” by Hal E. Anderson (USDA General Technical
Report INT-45, August 1978) are the reference documents to be followed when doing a planar
intersect sample.
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To determine tonnage in units that will be (but have not yet beén) piled,' the transect method or
photo series method as described above can be used.

If units have already been piled, or for landings on units to be broadcast burned, one of the
two following methods should be used:

A. Ocular Estimate of Pile Volumes
B. Statistical Sample of Pile Volumes

These methods are described in a pubhcauon from the Pac1ﬁc Northwest Research Station,
Fire and Environmental Research Applications, "Guidelines For Estimating Volumes,
Biomass, and Smoke Production For Piled Slash 1996, by Colin C. Hardy. The procedures
for these two methods are:

OCULAR ESTIMATE OF PILE VOLUMES
Stcp 1:  Estimation of Piles:

This system assumes half-spherical or paraboloid-shaped piles (see Shape Codes on

page 9) and three-dimensional drawings beginning on page 9. Determine, through
visual inspection, the average height, width, and number of piles on the area of
consideration.

"When appraising a unit, many piles will be irregularly shaped. Ocularly "smooth"

- the lobes, ridges, and valleys into an average, paraboloid or half-spherical shape.
‘Long logs and poles extending beyond the average boundary surface of the pile can
be accounted for by increasing the height an appropriate distance.

If a significant number of piles appear to exist in each of several average height or-
diameter classes, group them into appropriate classes noting average width, beight,
and number of piles for each class. It may be helpful to scale the piles' heights,
relative to a 6-foot person

| Stcp 2: Ca.lculate gross pile volume for the representative pile, piles, or groups of piles.
. The chart on page 18 will give total pile volume for a range of pile heights and
. w i‘ II I]s. ) » N : :
Step 3:;- Calculate gross pilé volume for total burn area:
Calculate the volume of piles on the total burn area by multiplying the number of

piles by the average volume. If piles have been grouped into several size classes,
calculate the total volume for each group, then sum the volumes.

34 ' 8/95




Step 4:  Calculate Net Wood Pile Volume:
Net wood volume of the piles must be estimated by reducing the total volume by a
factor to account for the volume of air in the piles. To determine the net wood
volume, multiply the total pile volume for the area by 0.1 for piles with species
content dominated by ponderosa pine, multiply the total pile volume for the area by
0.2 for all other piles. ' The resulting value is the net wood volume.
Step 5:  Determine the Total Tons of Wood/Fuel on the Burn Area:
If piles contain 25 percent or more of one wood species, determine the average
species mix for the entire area. Calculate the average wood density on the basis of
the species or mix of species present. The table below contains density weights for
commonly found species in the Pacific Northwest. Multiply the proper net‘ wood
volume by the corresponding density factor from the table. Total these weights and
divide by 2,000 pounds to convert to total tons.
Specific Gravity | Density
Species (dimensionless) (b/ft)
Larch 48 30.0
Douglas Fir 45 28.1
Hemlock 42 26.2
Pine 38 237
Alder | 37 | 231
True Fir 37 23.1
Red Cedar 31 | 194
Sitka Spruce .37 23.1
Rotten | 30 | 187
Example Unit:
Unit Description |

Unit size is 30 acres of grapple piles
© 5 piles per acre, 150 total piles
Pile Shape: Half-sphere
, Average pile height 8 feet
Species mix: 75 percent Douglas-fir, 25 percent Alder

Calculations
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A statistical sample of the piles on a given area provides valuable information regarding the
distribution of shapes, sizes, and species composition of the area. This information greatly
improves the accuracy of volume estimates.

Even when measuring only a sample of piles, field measurements are time-consuming and
tedious. A set of seven stylized "shape codes" are shown on page 9 and the mathematical -
formulas for each shape is found on pages 9 through 11. ‘These formulas are belpful in
dctermlmng the appropriate measurements to be made on a specific pile.’

Step 1:

Step 2:

Step 3:
Step 4:

Step 5:

- Step 6:

3

\
il

Gross pile volume (from chart on page 14) = 1,072 cubic feet
Net wood pile volume 0.20
1,072 cu.ft. x 0.20 (wood to pile ratio) = 214 cu.ft. perpﬂe

Wood Welght

L

214 x 75 percent Douglas-Fir = 161 cu.ft. x 28.1 (Density) = 4,524.1
214 x 25 percent Alder = 54 cu.ft. x 23.1 (Density) = 1,247 .4
Total net wood cubic feet per pile = 5,71

Total tons per pile 5,771/2,000 = 2.89 tons per pile
Total woody tons for the unit 2.89 tons x 150 piles = 433.5 tons

STATISTICAL SAMPLE OF PILE VOLUMES

& b e Lo g L

A

Identify a randomly.-chosen set of piles to be measured on a given area. The
number of piles selected is dependent on the time available and on the level of
accuracy desired. Roughly sketch and number the piles on a map of the area for
later identification and location.

Visit each pile and visually determine the most representative stylized shape from .
the seven "shape codes" or the sketches on pages 9 through 11. Illustrated on each -
"shape code" drawing are the dimensional measurements required by the respective
geometric formula to calculate total volume. -

Measure each dimension required for the shape.

Identify the primary species (by mass) of woody debris in the pile, identified species
must account for 25 percent or more of the mass of the piles. If mixed species, note
the percent of the primary species and the percent of one secondary spec:es This
data will be used to determine the net mass of fuel in the pile.

Lt

Calculate the gross volume for each pile using either the formulas found on pages9 - — J
through 11, or the appropriate chart or nomograph on pages 18 through 20. - ,

]
Calculate an average volume from the sampled pile volumes and multiply by the

W) RIQH :..j

a 0 0P MM _ 8% & oam =» " -
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Step 7:

Step 8:

total number of piles in the area.

Calculate Net Wood Pile Volume: Net wood volume of the piles must be estimated
by reducing the total volume by a factor to account for the volume of air in the

~piles. To determine the net wood volume, multiply the total pile volume for the

area by 0.1 for piles with species content dominated by ponderosa pine, multiply the
total pile volume for the area by 0.2 for all other piles. The resulting value is the
net wood volume.

Determine the total tons of wood/fuel oxi the area of consideration.

Using the mix of species determined in step 4, calculate the average wood density

~on the basis of the species or mix of species. The table on page 5 contains density

weight for commonly found species in the Pacific Northwest. Multiply the proper
net wood volume by the corresponding density factor from the table to derive a pile-
average density.

[The charts on pages 14 through 17 were created by DNR from Colin Hardy's formulas and
can be used to determine consumable tons directly, for piles that are comprised of 76 percent
or more of a single species.] ' ‘
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1. Half Section of Sphere

A
H
v
L o ~ >
V= .2518‘#'
| V = .30274H%
3. Half Cylinder . 4. Half Frustrum | 5 g
I
>
Hy & ‘“
-
V = 7854 %yx| o V= 2618*L (WH+ M H N+ H,) VJ
5. Half Frustrum of 6. Half Ellipsoid
Cone with =+ ' -
round b
ends o
- |
V = .5236*W*L*H »
* _.
e 4
Vm (LtL)® (0, 08,)% (H.oH,) _
]
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-

, ~~ 1. Half-Section of a Sphere: True Sphere Shape

- Truly half of a ball, where the width is
i twice the height, and the sides are well
and evenly rounded. .

= V=2¢ orV=qHW or V= _2618*
% 3 6 :

- 2a. Half-"Round" Paraboloid: . *Round® Paraboloid Shape

Pile height is same as radius (half
~diameter), but surface tapers in a
-~ parabola towards the top.

. V= 1 or V= .3927*HW
prar 8 :

2b. Half-"Tall" Paraboloid: | ~ *Tall" Paraboloid Shape

;"“\»Sides taper in a parabola towards
/ the top, where the height is greater
than the radius (half the width).

T V= fHW Or V = .30274H%W
-8 .
-
2c. - Half-"Short" Paraboloid: . . Flat Paraboloid Shape

=~ Pile height is less than half the radius,
: and the sides drop down to the base 1n a

parabola.
P V=qHF or V= .3927*H*H’l
8
-
-
L~
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3. Half Cylinder:

Logs and debris. are generSIIy
aligned in parallel. Pile shape
is rounded side-to-side, with

both ends of the pile approximately
" the same height.

V=oWlH Or V = .7854*W*L*H
3 - '

4. Half Frustum of Cone:

Logs and debris are generally aligned
in parallel. Pile shape is rounded
side-to-side, but heights of opposing
ends are not equal (pile tapers).

V = «L(WH+(WHWH) *+W H,)
12

- or

V = .2618*L (W.H,+ /A HWH,+WH,)

Pile shape is generally the same as #4,
‘but the ends are rounded, and appearance
is similar to half a pear. :

V= o (LWH +L(w HWH,) HALMH )
12

or

V = . 2618(LMH+LALHWH 4, H, +LWH,+W,H,)

3-10

‘H,

~

Half Cylinder Shape

Half Frustum Cone Shape

Rounded End

Wa

Half Frustum Cone Shape

8/95
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6. Half El1ipsoid: " Ellipsoid Shape
Long, tapering.pile, rounded side-to-side,
with well-rounded ends. Widths of

- opposing ends are not equal.

V=qollH or V= _5236*W*L*H

~ 3
-
7. Irreqular Solid: , Irregular Solid Shape

™  Irregularly-shaped pile with straight but

uneven sides. Dimensions for opposing.
sides are not necessarily equal. .(Some

~ landings). .

//\' Ve (L#L,)*(W,+W,)*(H +H,)
) 8 '

-
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ESTIMATING CONSUMABLE TONS

i Douglas fir | Paraboloid shaped piles | ! f. N
] Height | . 5 S ; L :

Dia 4! 6 8 10 12 14| 16 18! 20: 22 24 . 26 28 _32_
B[ 01, 01 02 02 03 03 04 04 05 05 08 06, 07 07
710 04 06, 08 08 10, 10, 20, 20| 20 20 20 20 30 30

15 08, 10 20/ 20 30/ 30 30 40 40 50 50 50 60 60

20 2.0 2.0 30{ 4.0 5.0 5.0 6.0 70! 80! 80 90! 10.0: 11.0: 11.0°

25 2.0 4.0 5.0 6.0 7.0 8.0 9.0/ 11.01 12.0] 13.0: 14.0' 15.0: 16.0. 18.0

30 3.0 5.0 7.0 8.0/ 10.01 12.0| 14.0! 15.0i 17.0 ‘190 200! 220/ 240! 250

35 50, 70 90 11.0 140 160, 180, 21.0 230, 250, 280 300! 32.0' 340
""40| 6.0/ 9.0/ 120 15.0] 18.0] 21.0; 240 27.0 300 33.0/ 360 39.0] 42.0. 450
i 45 —___8.05 11.0/ 150! 19.01 23.0! 27.0{ 30.0! 340! 38.0! 42.0‘ 46.0: 49.0, 53.0! 57.0:
50| 9.0i 140] 190 23.0 280 33.0| 38.0 420 470! 5201 560 610 66.0 700
Western hemlock Paraboloid shaped piles i ;

Height - | ! i ;

Dia 4 6i 8 10 12! 14 16 18 20 22! 24| 26 28| 30°

5 0.1, 0.1 0.2 0.2 0.2, 0.3 0.3 0.3 04:. 04, 051 05 05! 06

10 0.3 0.5 0.6 0.8 0.9 1.0 1.0 1.0 200 20 2.0 2.0 200 20

15 0.7 1.0 1.0 2.0 2.0 2.0 3.0 3.0 3.0 40! 40 5.0 5.0 5.0!

20 1.0 2.0 2.0 3.0 401 40| 5.0 6.0 6.0 7.0 7.0 8.0 9.0 9.0!

25 2.0 3.0 4.0 5.0 6.0 7.0 8.0 90! 10.0f 11.0! 12.0: 13.0/ 13.0! 14.0:

30 3.0 4.0 6.0 7.0 8.0/ 100! 11.01 120; 14.0] 150 17.0! 18.0! 19.0; 21.0°

35 4.0 6.0 8.0 9.0/ 11.00 13.0/ 15.0i 170! 19.01 210 3 230! 250 26.0; 28.0

401 5.0 7.0/ 100/ 12.0] 15.0/ 17.0| 20.0/ 22.0{ 25.0! 27.0; 30.0! 320 35.0: 37.0:
t 45 6.0 9.0]f 12.0' 16.0! 19.0: 22.0{ 25.0; 28.0, 31.0: 340 37.0i 41.0i 440 470
i 50 8.0/ 120/ 150 19.0; 230! 270/ 31.0! 350! 39.0/ 420 46.0' 500: 54.0' 58.0°
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ESTIMATING CONSUMABLE TONS

Red Alder Paraboloid shaped piles o
Height _ :
Dia _ 4 6 8 10] 12] 14| 16| 18] 20| 22| 24| 26/ 28! 30
5 01] 01 02| 02 02| 03] 03] 03 04 04 05 05 05 06
.10 03] 05] 06 08/ 08] 1.0[ 10] 1.0] 20| 20/ 20| 20| 20 20
15 07] 1.0[ 10/ 20[ 20/ 20/ 30] 3.0 30 40 40 50/ 50/ 50
20 10| 20 20| 30/ 40] 40| 50 6.0, 60 7.0 7.0 80 90 90
25 2.0/ 30| 40| 50/ 60/ 7.0/ 80| 9.0/ 100 11.0| 12.0{ 13.0{ 13.0| 14.0
30 30/ 40/ 6.0 70 80| 10.0| 11.0] 12.0] 140 150 17.0] 18.0] 190! 21.0,
35 40/ 6.0 80| 90| 11.0] 13.0/ 150] 17.0] 19.0| 21.0/ 230 250 260! 280
40 50/ 7.0/ 10.0] 12.0] 15.0] 17.0] 20.0] 22.0] 25.0] 27.0] 30.0] 32.0| 35.0| 37.0
45 6.0/ 9.0/ 12.0] 16.0| 19.0] 22.0] 25.0] 28.0] 31.0] 34.0] 37.0 41.0/ 440 47.0
|50 8.0] 12.0] 15.0] 19.0] 23.0] 27.0] 31.0| 35.0[ 39.0] 420 46.0, 500 54.0 580
'Red Cedar___| Paraboloid shaped piles ) -[ | o
L. __JHeight _ NS B S
Dia 4 6 8 10/ 12| 14! 16/ 18] 20| 22| 24/ 26| 28| 30
~ 5] __01] 01] 04| 02] 02] 02| 03] 03] 03] 04 04 04| 05| 0.5
|10 03, 04, 05 06/ 08 09 10 10/ 10 1.0 20/ 20/ 20| 20
15 06 09 10 10/ 20/ 20/ 20| 30/ 30 30 30 40 40 40
20 10, 20/ 20/ 30| 30/ 40/ 40/ 50 50 60 60 70/ 70| 80
|25 20/ 20/ 30/ 40 50 60 60/ 70/ 80 90 100/ 11.0] 11.0] 12.0
30 20/ 30 50 60 7.0/ 80| 90/ 100| 120/ 13.0] 140} 150/ 16.0] 17.0
..35] 30/ 50/ 60| 80| 10.0] 11.0] 130/ 140 16.0] 17.0] 19.0] 21.0] 220/ 24.0
| 40 40| 60/ 80/ 100/ 12.0] 150] 17.0] 19.0] 21.0] 23.0] 250] 27.0] 28.0] 31.0
45 50/ 80| 10.0_ 130, 16.0] 180, 21.0] 240| 26.0] 29.0, 31.0] 34.0. 37.0] 39.0
| s0] 6.0/ 100/ 13.0] 160/ 19.0] 23.0] 26.0] 29.0] 32.0| 36.0] 39.0] 42.0] 450, 49.0|
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ESTIMATING CONSUMABLE TONS

| Sitka Spruce Paraboloid shaped piles L
| . |Height | ' | :
Dial] 4] 6 8 10{ 12| 14; 16/ 18" 20| 22| 24| 26| 28] 30
5| 01] 01] 02| 02| 02| 03] 03] 03| 04 04 05 05 05 06
10] 03; 05| 06| 08| 0.9/ 10| 10| 1.0 20 20; 20| 20 20/ 20
15] 07| 10/ 1.0 20/ 20 20/ 30 30 30/ 40/ 40 50 50| 5.0
201 1.0) 20 20/ 30 40 40| 650 60 60 70/ 7.0/ 80 90, 90
25| 20| 30| 40, 50| 6.0/ 7.0] 80| 9.0] 10.0] 11.0] 12.0] 13.0] 13.0] 14.0]
30} 30/ 40{ 60, 7.0/ 80| 10.0] 11.0] 12.0] 14.0] 150 17.0| 18.0] 19.0] 21.0
35140/ 60| 80 90| 11.0| 130 150) 17.0] 19.0] 21.0) 23.0) 250  26.0  28.0.
40| 50! 7.0 100| 12.0| 15.0] 17.0( 20.0| 22.0] 25.0| 27.0} 30.0| 32.0| 35.0; 37.0]
45 [6.0] 9.0 12.0] 16.0] 19.0, 22.0| 25.0| 28.0| 31.0] 34.0 37.0] 41.0] 44.0] 47.0
50| 80| 12.0] 150, 19.0| 23.0] 27.0| 31.0] 35.0] 39.0| 42.0| 46.0| 50.0] 54.0| 58.0
True Fir ~ [Paraboloid shaped piles | } L !
__JHeight | | :
Dia 4 6] 8 10/ 127 14 16/ 18] 20/ 227 24/ 26| 28] 30
~ 5] 01 0. 02 02] 02 03] 03] 03] 04 04 05 .05 05 08
10 03] 05 06 08 08 10 10 10/ 20] 20] 20 20/ 20 20].
15 07] 10[ 1.0/ 20[- 20[ 20[ 30 30] 30] 40 40[ 50 50 50
20| " 10] 20] 20[ 30[ 40 40/ 50 60/ 60 7.0] 70 80/ 90/ 90
25| 20| 30 40/ 50 6.0/ 70 80] 90 10.0] 11.0] 12.0] 13.0] 13.0[ 14.0
30 30| 40 60 7.0/ 80 100/ 11.0] 12.0] 14.0] 15.0] 17.0/ 18.0] 19.0| 21.0
35 40| 6.0/ 80| 9.0/ 11.0] 13.0] 15.0] 17.0] 19.0] 21.0] 23.0] 25.0 26.0] 28.0
40| 50| 7.0] 100| 12.0] 15.0] 17.0] 20.0] 22.0] 260 27.0| 30.0| 32.0 350 37.0
45 6.0/ 9.0/ 12.0] 16.0] 19.0{ 22.0] 25.0] 28.0] 31.0| 34.0[ 37.0] 41.0| 44.0| 470
50 8.0| 12.0] 15.0{ 19.0] 23.0] 27.0] 31.0] 35.0] 39.0] 42.0] 46.0] 50.0] 54.0| 58.0
3-14
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ESTIMATING CONSUMABLE TONS

Pine - T Paraboloid shaped piles T
Height _ ' B
Dia | 4] 6| 8] 10| 12{ 14] 16] 18] 20] 22] 24] 26] 28| 30!
-5 00 01 04| OX| ©04] 04| 02 02| 02] 02| 02, 03 03] 03
|10 02] 02| 03] 04/ 05/ 06] 06/ 07] 08 08| 098/ 10 10| 10
15 04 05/ 07 09] 10|/ 10/ 10] 20| 20| 20| 20/ 20/ 20 30
20] 06, 09l 10| 20/ 20] 20] 30 30| 30/ 3.0 40| 40 40 50
25 1.0} 10| 20/ 20| 30] 30| 40/ 40 50/ 50 60/ 60{ 70 70
30 10| 20[ 30/ 40 40| 50/ 60| 60/ 70| 80 90 9.0 100, 110
35 20| 30| 40] 50| 60/ 70] 80/ 90| 100] 110/ 120| 13.0; 140| 15.0!
40 30| 40| 50/ 60 80| 90| 10.0] 110] 13.0] 140 150| 16.0] 18.0] 19.0
45 30 50, 6.0[ 80| 100 11.0] 13.0] 140[ 160 18.0| 19.0, 21.0{ 220! 24.0
50 40 60, 80| 100| 120! 14.0] 16.0] 18.0] 20.0| 220 | 240 26.0! 28.0] 30.0
Larch ! Paraboloid shaped piles | . L X ]
] Height , , . _ .
Dia 4 6 8 10/ 12! 14| 16/ 18] 20/ 22| 24, 26/ 28/ 30
5] 01} 02] 02] 03] 03 04 04| 05| 05 06] 06 07 07| 0.8]
10} 04/ 06| 08/ 10/ 10/ 10/ 20f 20/ 20] 20| 20 30| 30 30
_15] 09, 10l 20 20| 30| 30 40| 40, 50/ 50| 50/ 60| 60| 7.0
20| 2.0P___2.on[:__s.0____4.0___5.o___s.o___s.o__7.0___8.0__~9.o__,1o.oh__1o.o, 11.0] 12.0
251 30/ 40_ 50/ '60._ 80 ﬂ_9.0__10.0i_1 1.0, _13.0] 14.0] 15.0] 16.0] 18.0] 19.0
30] 40! 50/ 7.0/ 90 11.0] 13.0, 140 16.0] 1 8.0_20.04_22.04 ©23.0] 250| 27.0
35] 50/ 7.0| 10.0] 120 150 17.0] 20.0| 22.0] 250 27.0] 29.0| 32.0] 34.0| 37.0
40| 6.0/ 100! 130 16.0] 19.0] 22.0] 26.0] 29.0] 32.0] 35.0| 38.0] 42.0 450 48.0
45| 80 120 16.0] 20.0] 24.0] 280! 32.0] 37.0] 41.0] 45.0] 49.0] 53.0] 57.0 61.0
' 50| "10.00 15.0] 20.0] 25.0] 30.0] 35.0] 40.0] 45.0] 50.0] 55.0| 60.0] 65.0/ 70.0] 75.0
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Spherical Piles |

ESTIMATING CONSUMABLE TONS

oherical Pil I N S i L i ]
DO NOT USE if pile does not represent a spherical shape’ B
_|Height L S
4] 6] 8. 10{ 12] 14 16] 18] 20| 22[ 24] 26 28 30
"Species 1T N R A DO B
OF 03] 1.0/ 30| 50 9.0 14.0] 20.0] 29.0] 40.0] 53.0/ 69.0] 88.0] 110.0] 1350
'WH 1 0.3].1.0] 2.0/ 40| 7.0] 11.0] 17.0] 24.0] 33.0] 44.0] 57.0] 72.00 90.0] 111.0
RA | 03] 10/ 2.0 40| 7.0] 110] 17.0, 24.0] 33.0] 44.0| 57.0] 72.0| 90.0] 111.0
sS - 0.3 1.0] 2.0] 4.0 7.0, 11.0] 17.0] 24.0] 33.0] 440 57.0] 720 90.0] 111.0
RC 0.2] 1.0/ 20| 3.0/ 60/ 9.0/ 14.0] 200] 280 37.0 480  61.0 76.0] 930
T-Fir 0.3 1.0] 2.0] 4.0 7.0] 11.0] 17.0] 24.0] 33.0 44.0 57.0] 720, 90.0] 111.0
Pine | 0] 05/ 1.0 2.0/ 40, 60] 9.0] 12.0] 17.0] 220 29.0/ 370 460 57.0
Larch” ] 0.3] 1.0] 3.0] 50| 9.0] 150] 22.0| 31.0] 430 57.0] 74.0| 94.0] 117.0] 144.0]
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Nomagram for Total Pile Volume
| Shape Code #6 -- Half Ellipsoid
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5 10 15
: Width of Pile (feet)
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Total Pile Volume (cubic feet) |



CALCULATION OF TONS CONSUMED .
FOR BROADCAST BURNING ' |
“The official method for calculating the amount of fuel consumed and resulting emissions will
be by using the SMS-INFO computer model headquartered at Resource Protection Division, |
Smoke Management Section, and input provided by managers for each burn. A personal »
computer version of the "consume" model and an accompanying "Consume Users Guide" by
Roger D. Ottmar, Mary M. Burns, Janet N. Hall, February 1993, that will allow individuals to

calculate consumed tonnage to aid in planning is available through Resource Protection
Division.

L

For purposes of determining a burning permit fee amount, a manual method of calculating

consumption will be used along with several fixed variables assigned. Work sheets for that :
purpose are found beginning on page 34. 4 _,}
The same manual method of calculation can be used by burners for planning purposés by . ‘
assigning actual variables. The procedure.for manual calculation is: _Jj

Woody Fuel Consumption

The calculation of fuel consumed should utilize the graphs included in this document. The
graphs were taken from the following resource materials: USFS research report, "Predicting

L

Fuel Consumption by Fire Stages to reduce Smoke from Slash Fires," Roger D. Ottmar, and

USDA, Forest Service Pacific Northwest Research Station, research report, "Improved -

Prediction of Fuel Consumption During Spring-Like Prescribed Burns, " February, 1990. e
- Two options exist for estimating fuel consumption using nomographs. They represent

summer-like burning conditions and spring-like burning conditions. Summer-like conditions J’

are driven by 1000-hour fuel moisture and only calculate consumption of fuels greater than 3

inches. Fuels less than 3 inches are 100 percent consumed. Spring-like conditions are driven :

by 10-hour and 1000-hour fuel moisture calculating consumption of both 100-hour and 1000-

hour fuels. Fuels less than 1 inch are 100 percent consumed.

To determine which set of nomographs to use determine the 10-hour fuel moisture of the unit __;

to be burned. If the 10-hour fuel moisture is less than 18 percent then use the summer-like

procedure. If the 10-hour fuel moisture is equal to or greater than 18 percent and the NFDRS j

1000-hour fuel moisture is greater than 20 percent use the Spring-Like procedure. -

SUMMER-LIKE PROCEDURE (Summer-Like Conditions) J

Use the graph on page 29 to provide an estimate of the large (3+ inches) fuel consumption as a j

function of 1000-hour fuel moisture. Three alternatives are provided to determine the 1000-

hour fuel moisture. It is strongly recommended that burpers only use the NFDR-th hour fuel
‘moisture or the moisture measured by weighing. Other methods are often done improperly and -
cause erroneous results. For fuels smaller than 3 inches, total consumption should be assumed
when calculating the total woody fuel consumption. Use the procedures beginning on page 23 S
for calculating duff consumption.

Lo o
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SPRING-LIKE PROCEDURE (Spring-Like Conditions)

To determine if spring-like conditions exist for a unit to be burned, determine if average 10-
hour fuel moistures are 18 percent or greater and the NFDR 1000-hour fuel moistures are
greater than 20 percent. If NFDR 1000-hour fuel moisture are less than 20 percent, the
calculation must use the summer-like condition. To check 10-hour fuel moisture take an
average of 10 to 15 moisture meter measurements collected from across the unit in the .25-inch
to 1-inch diameter fuels. The measurements should be taken from the full fuel profile and
represent the different aspects that may exist.

For plamnng units to be burned, use the best avaﬂable 10—hour fuel moisture mformatmn

§p§_c_1f& When plannmg, the followmg recommendatlons can be used estabhsh representatwe
10-hour fuel sticks which can be conveniently weighed, track currently burned units, have
personnel use moisture meters to measure 0.25 to 1 inch fuels when in the area. However,
when the unit is burned on-site, actual measurements must be taken to calculate consumption to
be entered into the smoke management reporting data.

Total tons’ consumed should be determined as follows:
A. For 1-hour and 10-hour fuels (less than 1 inch) assume 100 percent consumption.

B. For 100-hour fuels (1.0 inch to 3.0 inches) use the woody fuel consumption nomograph
for 100-hour fuels, on page 27 to determine the percentage consumption (based on your
measured 10-hour fuel moisture). Enter the 10-hour fuel moisture content figure on the x-
axis and draw a vertical line to the curved line. Draw a horizontal line left across the
graph from that point to determine the 100-hour fuel consumption in percent.

C. Fbr_ 1000-hour fuels (3+ inches) use spring-like large woody fuel consumption
- nomograph, on page 28 to determine the 1000-hour fuel consumption, by size class, in

percent.

D. Total all of the calculated per acre tonnages consumed (from steps A through C) and
multiply by the unit acres. This is the total woody tons consumed.

(See example on pext page.)
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Example:

An example of the spring-like procedure using the tons/acre from the previous example on
page 2, assuming a 10-hour fuel moisture of 20 percent, and NFDR-th fuel moisture of 29

percent and 30 acres would be:
. Estimated Tons/Acre
Fuel Size Class Tons/Acre Percent Consumed Consumed
0.00 - 0.25" 25 100 2.5
0.26" - 1.0" 42 100 4.2
1.1"-3.0" 5.9 70 4.1
3.1"-9.0" 25.3 29 73
9.1" -20.0" 2.0 12 02
20" + 0 0 0
Total 39.9 18.3

Total woody consumption for the unit 30 acres x 18.3 tons/acre + 549 tons consumed.

" Then calculate duff consumption using the procedures described later.

Duff Consumption

In addition to calculating the woody fuel consumption, the duff consumption needs to be

calculated on broadcast and underburns. Use the appropriate graphs on pages 30 through 33 to

determine duff consumption; the graph you use depends on rainfall in the burn area.
Instructions for using the graphs are as follows:

A. For westside units to be burned when there have been fewer than 25 days since a 0.5 inch
or more of rain has fallen over a contimious two-day period (i.e., duff layer is moist):

1. - Use the consumption estimate (in tons/acre) of large (3+ inches) woody fuels
previously calculated (see example above).

2. Enter the large, woody fuel consumption value (tons/acre) on the x-axis of the graph
on page 30 and draw a vertical line to the appropriate pre-burn duff depth. Turn left
to determine duff consumption (tons/acre).

For westside units to be burned when there have been 25 or more days since at least 0.5

inches of rain has fallen over a continuous two-day period (i.e., duff layer is dry):

1. Determine the diameter reduction inches of the large (3+ inches) woody fuels from
the graph on page 28 or 29.

322
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2.  Enter the diameter reduction (inches) on the x-axis of the graph on page 31 and draw
a vertical line to the appropriate pre-burn duff depth. Turn on the duff depth line and
draw a horizontal line to the left to determine duff consumption (tons/acre).

C. For eastside units use the eastside graphs on pages 32 and 33. Using the procedures in
steps 1 and 2 above, realize the critical precipitation value is 0.25 inches instead of O 5
inches.

Note: Be sure to enter the correct variable on the correct graph based on rainfall information
you are usmg

The graphs on pages 27 through 33 were provided by the Pacific Northwest Research Station.
The limitations of the duff consumption methodology are given in Ottmar's 1985 paper,
"Predicting Duff Reduction to Reduce Smoke from Clearcut Slash Burns in Western
Washington and Western Oregon.”

Total Fuel Consumption
The total fuel consumption is the sum of the woody fuel oonsumptlon both large and small

fuel, and the duff consumption. The total (in tons/acre) should be multiplied by the number of
acres that are being burned, or are expected to be burned, when planning units.

Pile Burni
For calculation purposes, assume that 85 percent of the pet pile volume is consumed.

This assumption is validated by observations from pile consumption research and the
acknowledgement of the variation of pile consumption in real life applications.

[The charts on pages 13 through 17 were created by DNR from Colin Hardy's formulas and
the 85 percent consumption factor (above) to determine consumable tons directly. This only
applies for piles that are comprised of 76 percent or more of a single spec1es and are
paraboloid or half-spherical shaped.]

PROCEDURE FOR USING LARGE FUEL CONSUMPTION NOMOGRAPHS
FOR SPRING-LIKE AND SUMMER-LIKE PRESCRIBED BURNS

a. Determine percent consumption of the 100-hour fuels using the 100-hour fuel
consumption nomograph. If 80 percent or less of the 100-hour fuels are predicted to
consume (10-hour fuel moisture is 18 percent or greater), use the spring-like large fuel
consumption nomograph. If greater than 80 percent of the 100-hour fuels are predicted to
consume (10-hour fuel moisture content is less than 18 percent), use the summer-like
large fuel consumption nomograph.

3-23 8/95



Determine the 1000-hour fuel moisfure content (percent) for the unit determined from fuel 'j
moisture samples, National Fire Danger Rating System's 1000-hour fuel moisture model,
or the Adjusted 1000-hour Fuel Moisture model. !

Enter the 1000-hour fuel moisture (percent) on one of the fuel moisture bars \J

corresponding to the procedure you used to determine the fuel moisture. Next, draw a _;

vertical line to the appropriate fuel size class line. Draw a horizontal line left across the

graph from that point to determine the percent consumption.
PROCEDURE FOR USING 100-HOUR FUEL CONSUMPTION NOMOGRAPHS

Determine an average 10-hour fuel moisture content for the unit. This can be -
accomplished by weighing 10-hour fuel sticks positioned in the unit or taking an average

.of 10 to 15 moisture meter measurements collected across the unit from 1/4 to 1-inch ‘ —~
diameter fuels.

Enter the 10-hour fuel moisture content figure (percent) on the x-axis and draw a vertical =
line to the curved line. Draw a horizontal line left across the graph from that point to '
determine the 100-hour fuel consumption in percent. ‘
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BROADCAST BURN UNIT CALCULATION SHEET
PHOTO CONVERSION CONSUMABLE WOODY " |
NUMBER| TONS SIZE CLASS FACTOR FUEL PER ACRE 4
. ~ EAST °  WEST OVER 3" TOTAL (
/4 | 100% . 100% g
1+ 3 100%  80% |
3+ 9 82%  39% .
_—
9+ 20 0% 16% -
20+ 20% 8% _ s
OVER 3" TOTAL
FUEL LOAD IN TONS/ACRE | 1) | @ {
DUFF CONSUMPTION TABLE |
“TOTAL CONSUMABLE DUFF CONSUMED IN TONS/ACRE -
FUELS OVER 3" __EASTSIDE WESTSIDE —
(From Figure | Above)- - | |
5 Tons/Acre S 12 ¥
10 Tons/Acre 7 16 -
IS Tons/Acre 9 20
. 20 Tons/Acre i 24 j
25 Tons/Acre 13 28 .
30 Tons/Acre 13 32
35 Tons/Acre 13 36
Enter Duff Tons/Acre (From Chart Above) 3) |
Enter Total Consﬁmable (From Figure 2 Above) - -
Woody Fuel in TonslAcre_ 4) ;
Total of Lines 3 and 4 (5) N
Total Acres in Unit ) o
“
| y
TOTAL CONSUMABLE FUEL ON UNIT -
(Figure 5 X Figure 6) — /
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Washmgton State Smoke Management Plan
1996

APPENDIX 3a

Background

A critical component of the Smoke Management program is an accurate emissions inventory. _
Data collected from previous years will be used to refine and improve data collection procedures
and the quality of the emissions inventory. Analysis of the over 20,000 tonnage estimates
collected on state and private burns between 1993 and 1995 reveal these facts:

Ninety percent of all burns are under 100 tons.

Burns under 100 tons account for about 40 percent of tonnage consumed.
The mean burn size is under thirty tons. :

The standard deviation of the mean tonnage is 26.2 tons.

This information provides the basis do determine the minimum sample size necessary to develop
an emissions inventory accurate to within + 4 percent. The strategy to accomplish this is to
sample all burns over 100 tons and enough burns under 100 tons to develop an estimate of total
tonnage consumed accurate to within + 4 percent at a 90 percent level of confidence.

Year | Number of permits Mean tonnage | Standard Required | Required .
‘ estimate deviation of mean | sample sample
. size Percent
1995 | 6847 29.0 25.5 298 4.3%
~ 1994 | 6090 29.8 {262 297 4.9%
| 1993 | 6136 130.1 26.9 307 5.0%
-~ ' ' '
’ Conclusion
- A random sample of tonnage on five percent of all under 100 ton burn permits and
: measurement of all over 100 ton permits will provide an acceptable estimate of emissions
- from silvicultural burning on a statewide basis.
~




Procedures
note: These Procedures are effective July 1, 1996
The DNR field administrator will:
Measure tonnage on every twentieth permit (permit numbers ending in 00, 20, 40,

60, 80) and every permit more than 100 tons. All measurements will be taken
carefully using only the methods approved in appendix 3 of the smoke

management plan.

Document ca.lcula‘tibns and measurements and submit the documentation to_the
region office with the burn permit.

The Region office will:

Maintain documentation of _tonnhge calculation and measurements with the
burning permit file.

Enter all permits into the burning permit database.
Resource Protection Division will:

Audit 20% of measured permits each quarter.
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Washington State Smoke Management Plan
1993

APPENDIX 4

i .
Burning Permit Issuance | Priv ds

The following procedures apply only where the Department, or other agencies contracted to act
on behalf of the Department, issue written burning permits on Department-protected lands.
" These procedures may be modified at any time by the Resource Protectlon Division Manager.

. GENERAL OPERATING INSTRUCTIONS

A. The permittee may pay the Region office in person or by mail. Field
administrators may collect fees in the exact amount by check or money order
payable to the Department of Natural Resources.

B. Once the Region office receives payment in the mail or delivered in person, there
will be NO REFUNDS.

C. The fee schedule listed in WAC 332-24-221 will be used to determine the fee
amount of each permit.

D. Burners are required to get burn-day approval before igniting their burns.

eriod, burners must

*1-800-323-BURN" and follow instructions for the area and day of their
proposed burn.

at will const reate 1r_period, Smoke
Managemem Plan burn ttal/approval procedurcs w1ll be used.

Failure to follow the "call-in" mstructlons or "large burn" approval process will be
a violation of the conditions of an approved permit and be subject to enforcement
action.

E. Separate permits are required for each individual bu